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THANH LAP BAN PO BE MAT KHONG THAM SU DUNG DU
LIEU ANH VE TINH SENTINEL-2 O KHU VUC
THANH PHO HO CHIi MINH

Pham Van Tung
Truong Pai hoc Tai nguyén va Méi truong thanh pho H6 Chi Minh

Tém tit

Thanh pho Ho Chi Minh la dé thi I6n ¢6 toc do do thi héa nhanh & nude ta. Theo
do, bé mat khong tham dwoc coi la chia khéa dé xdc dinh qud trinh dé thi héa, sw phdt
trién bén vitng, va phuc vu quy hoach va quan 1y dé thi. Thanh Idp ban d6 bé mat khéng
tham sir dung anh vé tinh la phwong phdp hiéu qua cho pham vi réng lém va dam béao do
tin cdy. Trong nghién cvu nay, dir liéu anh Sentinel-2 thu dwoc trong nam 2021 da duoc
sir dung dé phan loai thanh bén I6p phit bé mdt bao gom nudre, thie vt, dat trong va bé
mdt khéng tham sir dung thudt todn phdn logi KNN (fuzzy K-Nearest Neighbors) trén
phdn mém eCognition. Nghién ciru sé tdp trung vao danh gid két qua phdn logi cdc I6p
phii va bé mat khong tham dé khang dinh tinh hiéu qua va do tin cdy ciia phirong phdp
thuwe hién. Dién tich ciia bé mdt khéng tham nam 2021 i co s dé so sanh véi cdc dién
tich bé mdt khong tham cua cdc nam trude dé cung cd’p dwoc suw mo rong dién tich bé
mdt khéng tham trong qud trinh do thi héa & thanh phé 16m nhdt nuée ta giip cho cdc
nha quy hoach thanh phé dwa ra cdc chinh sdach quy hoach phat trién bén viing dé thi.

Tir khéa: Thanh phé H6 Chi Minh; D6 thi héa; Bé mit khong tham; Sentinel-2;
Phan loai KNN.

Abstract

Establishment of the impervious surfaces map using Sentinel-2 data: a case study
in Ho Chi Minh City

Ho Chi Minh city is known as a quick urbanization area in Vietnam. Meanwhile,
impervious surfaces to be known as the key to identify the urbanization, urban
sustainable development as well as planning of natural resources. Using satellite data
to create the impervious surface map is an effective method and assurance of reliability
for large areas. In this study, temporal Sentinel-2 data acquired in 2021 were classified
for four classes including open water, vegetation, barren, and impervious surface
area using the KNN classifier algorithm by eCognition software. The accuracy of the
classification of land cover and impervious surfaces was evaluated in order to affirms
the effectiveness and reliability of the classification method. The area of impervious
surfaces in 2021 was compared with those in 2002, 2009 and 2016 to see the expansion
of the impervious surface area related to the urbanization of Ho Chi Minh city. Results
of this study therefore will support policy makers in developing planning policies for
sustainable development of the urban area there.

Keywords: Ho Chi Minh City; Urbanization; Impervious surface; Sentinel-2;
KNN classification.
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1. Pit van dé

Bé& mit khong thdm nudc 1a cac vat
liéu ngan can sy tham nhép cia nudc vao
dat nhu hé thong giao thong, mai nha, bai
dau xe,... Bé mat khong thdm 13 mot chi
s6 quan trong sir dung danh gia muirc do d6
thi hoa va cac tac dong cua cac hé sinh thai
[1, 13]. M6t s6 nghién ctu trude ddy cho
thdy su thay doi dién tich bé mat khong
thAm (BMKT) c6 lién quan dén su anh
huong dén thuy vin, cdu trac sinh canh,
chat lugng nude va da dang sinh hoc cua
hé thong thity sinh [13].

Trong nhitng nam gan ddy cé rét
nhiéu k¥ thuat chiét tich bé mat khong
thAm da duoc phat trién, tir cac phuong
phap phan loai theo hudng ddi twong sir
dung céc hinh anh c6 d6 phan giai khong
gian cao dén ky thuat dudi diém anh
(Sub-pixel), phan tich mo6 hinh phan tich
hdén hop phé (SMA - Spectral Mixture
Analyze model family) va mo hinh hoi
quy st dung anh c6 d¢ phan giai khong
gian trung binh hodc thap. Viéc 14p ban db
bé miat khong thim nude da dugce ap dung
& cac quy mo khac nhau tir dia phuong,
khu vuc dén quéc gia hoic toan cau [8].
Hau nhu céc nghién ctru trude day da ap
dung thanh cong cho khu vuc thanh thi
[8]. Néu cac phuong phép phan loai truyén
thong trén mdi diém anh chiang han nhu
phan loai xac xuét cuc dai c¢6 kha ning
phan loai cac 16p st dung dat/ 16p phu
mit dat (LULC - Land Use/Land Cover),
két qué phan loai nhan dugc thuong cé do
chinh xac rat thip ddi vdi cac ving do thi.
Boi vdy, phuong phap phan loai mém c6
chinh x4c cao hon duoc lya chon dé phuc
vu chiét tich bé mat khong thdm cho khu
vuc nghién curu do thi.

Nghién ciru

Viéc nang cao d¢ chinh x4c phan loai
dat @6 thi 1a mot van dé quan trong trong
cac nghién ctru trude ddy vé vién tham
[10]. Cac phuong phép tiép can khac nhau
da dugc 4p dung, bao gdm ca viée két hop
dir liéu dia ly, dir liéu diéu tra dan sb va
dic trung ciu tric hodc thong tin phd cua
anh vién tham. Ngoai ra dé nang cao do
chinh xdc ctia qua trinh phan loai anh, cac
kién thirc chuyén gia, phuong phap phan
loai mo va sy két hop dir liéu anh da bo
cam da dugc su dung trong céc nghién
ctru. Tuy nhién, viéc phan loai dat d6 thi
van la mét kho khan trong trudong hop céac
dit liéu vién tham c6 do phan gidi trung
binh va thp do sy 1an pho trong mot diém
anh va 1an pho gitta cac loai 16p phii trén
mit dat khac nhau.

Phuong phip phan loai diém anh
(Per-pixel) chi xir ly thuan tay hinh anh
tirg diém anh cu thé, trong khi dé phuong
phap phan loai dudi diém anh xt ly dinh
lugng nhiéu 16p dbi tugng trong mdi diém
anh don. Phuong phdp phan loai dudi
diém anh tao ra cac anh thanh phan véi
céc gia tri pixel lay tir phan nguyén hodc
phan du cia diém anh c6 chtra thanh phan
mdi 16p d6i twong [12]. Pdi véi cac diém
anh khong bi 1an pho, phan tich hdn hop
phd (SMA) cho dén nay 1a phuong phap
phd bién nhét trong s6 cac phuong phap
phan loai du6i diém anh. Viéc phan tich
hén hop phd tuyén tinh (LSMA - Linear
Spectral Mixture Analysis) va phan tich
hén hop phd da mau (MESMA - Multiple
End-member Spectral Mixture Analysis)
da dugc chimg minh la phuong phéap hiru
hiéu dugc st dung dé chiét xuét thong
tin bé mit khong tham tir cac anh vé tinh
Landsat. Tuy nhién, viéc lya chon cac
thanh phan mau dong nhat phu hop van
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1a thach thirc 16n nhét trong phuong phap
LSMA[9, 16, 17].

Zadeh (1965) da gidi thiéu khai niém
phan loai mo dé mo ta va dinh lugng su
khong chinh x4c. Phuong phdp phan loai
mo da thu hat duge su quan tdm ngay cang
tang ddi véi viée phan loai dudi diém anh,
va trong chiét tach thong tin bé mat khong
tham [2, 4, 7, 14]. Phuong phap phan loai
mo tao ra két qua chinh xac hon so véi
phuong phap LSMA ddi vé6i khu vuc ¢6
mat do dan cu cao va mat do dan cu th?ip
[14]. Phuong phdp phan loai fuzzy-SMA
da dugc dé xuat trong cac nghién ctru
trugce do, trong dd gia tri trung binh mo va
hiép phuong sai m& duoc lay tir cic mau
giam dinh thong qua phén tich hon hop
phd (SMA), trong khi gia tri cic hing s6
dugc st dung trong phan loai md truyén
thong [14, 18].

Ngoai ra, chi sé IBI (Index Based
Built-up Index) lay tir anh Landsat duoc
tinh toan tir chi s6 SAVI (Soil Adjusted

Vegetation Index), MNDWI (Modified
Normalized Difference Wate Index) va
NDBI (Normalized Difference Built-up
Index) [9]. Chi s6 bé mat khong tham ISI
(Impervious Surface Index) dugc tinh
toan tir 4 kénh phd cua anh SPOT-5 [11].
Pay 1a mot vai nghién ctru tinh toan chi s6
dat xay dung va bé mat khong thim truc
tiép tir anh nhung do chinh x4c phu thudc
hoan toan vao ngudng duoc chon dé chiét
tach dugc bé mat khong thim. Do vay
phan loai hudng d6i trong KNN véi viing
mau truc tiép s& khic phuc duge sy lya
chon ngudng chua hop ly cua cac phuong
phép néu trén.

Trong nghién ctru nay, dit liéu anh
Sentinel-2 dugc st dung dé phan loai cac
16p phu dit bao gém cac bé mat khong
tham, thuc vat, nudc mat va dat tréng
bang thuat toan KNN (fuzzy K-Nearest
Neighbors) va tinh toan dién tich bé mat
khong thdm & khu vuc thanh ph6 HO Chi
Minh, Viét Nam.

2. Khu vue nghién ctru va dir li€u sir dung

2.1. Khu vuc nghién ciru

NNNNNNNN

8A NAM

Hinh 1: Khu viee nghién ciru - TP. Ho Chi Minh
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Thanh phé Ho Chi Minh ndm & mién
Nam cua Viét Nam (10°46° vi do Bic va
106°42” kinh d§ DBong) 1a trung tdm kinh
té, dich vu, du lich, vin hod va canh quan
thién nhién. Pay la khu vuc nim bén
song Sai Gon (Hinh 1) véi tong dién tich
khoang 2.096 km? c6 dan s 8.837.544
ngudi vao 07/2021. Su phat trién kinh
té manh mé& da thuc déy viéc m¢ rong
cac khu cong nghiép, cac khu d6 thi, hé
thdng giao thong, va co so ha tang. Pay 1a
nguyén nhan chinh giy ra sy gia ting bé
mat khong thdm & khu vuc nay.

Nghién ciru
2.2. Dir li¢u sw dung
Ban dd va cac anh v¢ tinh la dit liéu
can thiét cho nghién ctru nay. Dé chuan
bi céac dir liéu, ching t6i st dung ban dd
hién trang st dung dat ty 1€ 1/10000 duogc
thanh 1ap nam 2020 cua Tong cuc Quan
ly dat dai, BO Tai nguyén va Moi trudng
cung cép. Céc anh v¢ tinh dugc st dung
dé chiét xuit bé mat khong thim 1a dir
liéu anh Sentinel-2. Bang 1 cho thay céc
thong s6 chi tiét ctia anh vé tinh da duoc
su dung.

Bdng 1. Thong tin dii li¢u anh vé tinh Sentinel-2 ciuia khu vuc nghién ciru

A A X D¢ phan giai khong
Vé tinh B0 cam Ngay chup gian (m)
Sentinel-2 MSI 07/04/2021 10

3. Phwong phap nghién ciru

[

Dir liéu anh Sentinel-2

A

y

[ Tang cudng chat lwong anh va cat anh theo pham vi khu J

A

y

Dung phurong phap phan loai KNN dé phan loai bé
mit khong thdm va cac 16p phi bé mit

Y

Lap ban d6 16p phu bé mat

A

Y

Théng ké dién tich bé mit khong thim
va dién tich cac 16p phu bé mat khac

Hinh 2: So dé quy trinh thwe nghiém thanh lgp bin do bé mdt khong thim

Bén loai 16p pht bé mit duge phan
loai tir cac anh vé tinh Sentinel-2 st
dung phuong phdp phan loai K-Nearest
Neighbors (KNN). Két qua phan loai cac
anh v¢ tinh s€ duoc su dung dé théng ké
dién tich bé mat khong tham béng cac

cong cu GIS. Toan by quy trinh thuc
nghiém cho nghién ctru nay duoc thé hién
trong Hinh 2.

3.1. Tién xir Iy anh

Anh Sentinel-2 str dung 04 kénh Red
(R), Green (G), Blue (B) va Near-Infrared
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(NIR) c6 d6 phan giai khong gian 10m da
dugc hiéu chinh khi quyén va nin chinh
vé lué6i chiéu UTM. Sau do, chiung dugc
cit theo ranh gidi ciia khu vuc nghién ciru
tai thanh phd HO Chi Minh (Hinh 3). Cac

tam anh da duoc ¢t nay duoc nang cao
chat luong biang cach kéo gidn do tuong
phan va st dung cac phép loc khong gian
dé phuc vu cho viéc phan loai thanh bon
16p ddi twong.

Hinh 3: Anh cit ¢ khu vwe TP. Ho Chi Minh chup ngay 07/04/2021

3.2. Phwong phdp phan logi mo
ngwoi ldng giéng gin nhit

Phuong phdp phan loai mo nguoi
lang giéng gan nhat (Fuzzy KNN) la
phuong phéap phan loai c6 giam dinh dung
dé phan loai bé mit khong tham, day 1a
mot phuong phép tot dé phan 16p cac 16p
dbi twong bé mat o cip do pixel [6]. Phan
loai KNN ¢6 thé thuc hién ca phan loai
ctng va mém. KNN dung tip hop con cua
tat ca cac dit lieu mau dé xac dinh mot
16p cua diém anh hodc céc thanh vién ciia
mot 16p. Trong phuong phap phan loai
mod KNN ty 18 phan traim ctia mdi nhom
trong s6 k-lang giéng gan nhit dugc gan
cho diém anh nhu 1a mét mic do cia

thanh vién déi véi nhém d6. Theo quy tic
phan loai mo KNN, muc d§ thanh vién
cia mau kiém tra x dén 16p ¢ duoc tinh
nhu sau:

k

2
%/‘ﬁd (x_xj) (1)
Zdz(x—xj)

J=1

'ul.(x)z

Trong d6: i=1,2,3,...C (sd 16p can
phan loai), va j=1,2,3....k (sb lang giéng
gan nhat). m, la thanh vién cua mau X, tir
tap hop mau dén 16p 1, trong s6 k lang giéng
gﬁn nhét ctia x. Gid tri cua k dugc gidi han
trong 16p dir 1iéu mau nho nhat [19].

Dé thu thap cac ving mau, t6i s
dung cac chi s6 ISI, SAVI, NDWI va SI
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dé tham khao. Trong d6, ngudng gia tri
ctia chi s ISI dugc sir dung nham xay
dung ra bo mau chudn cho 16p bé mat
khong tham. Ngudng gia tri cia chi s6
SAVI dugc st dung nham xay dung ra bo
mau chuan cho 16p thuc vat. Ngudng gia
tri ctia chi s6 NDWI duoc st dung nham
xdy dung ra bd miu chuan cho 16p mat
nude. Ngudng gia tri cia chi so SI duoc
sir dung nham x4y dung ra bd mau chuan
cho 16p dat trong khu vuc nghién ciru.

3.3. Phwong phdp ddnh gid két qua
phan logi anh

Danh gia do chinh x4c phéan loai theo
mau kiém chimg. Theo Congalton (1991)
[3], s6 lugng mau t6t nhat dé kiém chimg
it nhat 1a 50 mau trén 1 loai 16p sir dung
dat/ 16p phu mat dat. Bo chinh xac phan
loai dugc danh gia béng ma tran sai s6 va
chi s6 théng ké Kappa (k).

Chi s6 théng ké k dugc tinh theo
cong thuce [5]:

i

Nzr: Xi — Z(xi+ X )
— i=1

K i - i=1 (2)

N? —Z(xH.xﬂ.)

i=1

Trong do:

N: Tong s6 diém lay mau

Nghién ciru

r: S6 16p dbi twong phan loai

X S6 diém dung trong 16p thir i

X.,: Téng s6 diém 16p thtr i cua miu

X, Téng s6 diém 16p thw i sau phan
loai

4. Két qua nghién ctru va thao luin

Tur dir liéu anh Sentinel-2 khu vuc
thanh phd H6 Chi Minh v&i 04 kénh anh
RGB va NIR, phuong phap phan loai
mo KNN dugce st dung dé phan loai céc
16p phu bé mit phuc vu cho viéc thanh
1ap ban d6 céac 16p phu bé mat nam 2021
(Hinh 4). Theo ban dd 16p phu bé mat
nay, dién tich nudc mat, thyc vat, dat
trong va bé mit khong thim dugc tinh
toan bang coéng cu tinh dién tich trén
phan mém Arc GIS 10.2, sau d6 xuat két
qua sang phan mém Excel dé thong ké
dién tich c4c loai dét trén ban d6 va dua
ra trong Bang 2. Két qua nay so vdi két
qua nghién clru trude cua tac gia [15]
cho thdy ty 1& dién tich bé mat khong
tham tang dan theo ting nam: 24,81%
(ndm 2002); 37,85% (ndam 2009);
41,61% (nam 2016) va 48,08% (nam
2021) (Hinh 5). Trong khi dd, ty 1€ dién
tich thuc vat giam tu 61,17% xuéng
32,33% trong giai doan 2002 - 2021.

Bing 2. Dién tich 16p phii bé mdt dwoc chiét xuit tiv div liéu dnh Sentinel-2

Lép phi Dién tich (Ha) Chiém ty 1& (%)
Dit trong 3129,38 3,27
Bé mat khong tham 45993,18 48,08
Nudc mit 15608,69 16,32
Thyc vat 30923,32 32,33
Déi twong khac 4,27 0,004

DPé danh gid do chinh xac két qua
phan loai anh, tic gia lwa chon ngiu
nhién cic ving mau trong toan bo khu
vuc nghién ctru bao gém 193,278,265 va

275 diém anh duogc lya chon dé danh gia
két qua phan loai ctia bon 16p phi bé mit.
Ma trén sai 1dn cua két qua phan loai theo
thuat toan KNN nhén dugc 6 Bang 3.
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Hinh 4: Bin dé l6p phii bé mat va bé mt khong thiam khu vue Tp. Ho Chi Minh ndm 2021

Biéu db ty 1& dién tich b& mit khdng thadm khu vwc TP. H6 Chi Minh
giai doan tir ndm 2002 dén ndm 2021
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40.00%
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o.oo% nam 2002 nam 2009 nam 2016 nam 2021

| T 1EBMKT 24.81% 37.85% 41.61% 48.08%

Hinh 5: Biéu dé 1y 1¢ di¢n tich bé mdt khéong tham khu vie Tp. Ho Chi Minh giai doan tiv
ndam 2002 dén nim 2021
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Trong d6 d¢ chinh xac toan bd va
chi s6 Kappa lan luot 12 86,0 % va 0,81
cho két qua anh da phan loai. Cac chi sb
Kappa nay dugc tinh toan trong qué trinh
danh gia do chinh xac két qua phan loai
dwa vao cac vung mau kiém tra iy tur
ban d6 hién trang nam 2020 két hop véi

Nghién ciru

Google Earth. Theo cac két qua danh gia
nay, két qua phéan loai c6 thé dam bao dé
thanh 14p ban dd bé mat khong tham va
16p phii bé mit ciing nhu dung dé phan
tich céc bién dong ctia bé mat khong tham
va 16p pha bé mit trong cac giai doan ma
anh vé tinh da cung cap.

Bdng 3. Do chinh xdc phan loai anh

. x pat |Bémitkhong| Nuwée | Thwe | Tong | P9 chinh xic
Cac mau £ £ < R 5 X £
trong tham mat vat hang san xuat
Dit trong 173 8 0 4 185 0,93
Bé mat khong thim 10 232 15 6 263 0,88
Nudc mat 7 30 207 12 256 0,80
Thyc vat 3 8 43 253 307 0,82
Tong cot 193 278 265 275 911
DG chinh xac nguoi dung 0,89 0,83 0,78 0,92
Do chinh xac toan bo 0,86
Chi s6 Kappa 0,81
5. Két luan So sanh véi két qua nghién ctru trudc

Trongnghién ctrunay, anh Sentinel-2
thu dugc trong nam 2021 da dugc st dung
dé chiét tach ra cac 16p phi mat dat bao
gém thuc vat, dat tréng, nuéc mat va bé
mat khong tham. Dé thuc hién nhiém vu
nay, phuong phdp phan loai KNN dugc
sir dung dé xdy dung ban d6 16p phu bé
mat ¢ khu vyc thanh phé Ho Chi Minh.
Két qua cho thay dién tich bé mat khong
tham 13 45993,18 ha (chiém 48,08%),
dién tich tham thuc vat la 30923,32 ha
(chiém 32,33%), dién tich nudc mit 1a
15608,69 ha (chiém 16,32%), dién tich
dat tréng 1a 3129,38 ha (chiém 3,27%)
va dién tich dat khac 1a 4,27 ha (chiém
0,004%).

Do chinh xac phan loai anh bang
thuat toan KNN cho d¢ chinh xac kha cao,
nhan dugc bao g6m do chinh xac toan bo
va chi s6 Kappa 1a 86%, 0,81 cho anh da
phén loai.

clia tac gia [15] cho thdy ty 1¢ dién tich bé
mat khong thdm tang dan theo ting nam:
24,81% (nam 2002); 37,85% (nam 2009);
41,61% (nam 2016) va 48,08% (nam
2021). Su gia ting nay cha yéu chuyén doi
tir 16p thuc vt sang bé mat khong tham
xdy ra & cac khu vuc ven do thi (vung
gan ranh gidi giita cic quan va huyén cia
thanh phé H6 Chi Minh). Nhiing thay doi
nay cho thdy xu hudng chuyén d6i muc
dich str dung dét do chinh sach quy hoach
sir dung dat trong qué trinh do thi héa ciia
thanh phé H6 Chi Minh.

Lo&i cdm on: Céc tac gia xin cam on
Co quan hang khong Vi try chau Au da
cung cap dir liéu anh Sentinel-2 va Tong
cuc Pit dai cia Bé Tai nguyén va Mai
truong da cung cAp ban d6 hién trang sir
dung dét caa khu vuc nghién ctru.
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